Trypanosoma cruzi, the etiologic agent of Chagas disease, and proved to be more active 11 than β-lapachone (Ferreira et al., 2011) . 12
13
In the present study, we investigated the cytotoxic effects of NQs on EL-4 murine 14 lymphoma cells and analyzed the mechanisms of action involved. To better understand 15 the mechanism underlying the cytotoxicity of these compounds, studies involving the 16 analysis of changes in nuclear morphology, the permeability of membranes, The NQs used in this study were synthesized as previously described (Ferreira et al., 32 2011). The β-lapachone analogs were synthesized by the Knoevenagel condensation of 33 2-hydroxy-1,4-naphthoquinone with paraformaldehyde or arylaldehydes, followed by a 34 hetero-Diels-Alder reaction with substituted styrenes in aqueous ethanol media, 1 generating different β-lapachone analogs. The structures of the synthesized compounds 2 were confirmed using spectroscopic techniques, such as 1H and 13C NMR, infrared 3 spectroscopy, and HRMS (ESI), and our data are consistent with those reported 4 previously. 5
The chemical structures of NQs are shown in Figure 1 . These compounds were provided 6 as lyophilized powders and were diluted in N,N-dimethyl-formamide (DMFA). Controls 7 received the same volume of solvent, whose concentration never exceeded 0.5% (v/v). 8 RPMI 1640 cell culture medium, fetal calf serum, glutamine, penicillin and 9 streptomycin were purchased from Gibco (USA VA, USA) were cultured at an optimal concentration of 1-5×10 5 cells/ml in RPMI 1640 34 medium supplemented with 10% FCS, 2 mM glutamine, 100 g/ml of penicillin and 150 1 g/ml of streptomycin. The culture medium was changed every day after the cells had 2 reached the exponential growth phase. The cells were kept in T-25 culture flasks 3 (Corning, NY) at 37 ºC with a 5% CO 2 atmosphere. previously. The data were analyzed using WinMDI 2.8. 14 15
Determination of the intracellular glutathione levels 16 17
The glutathione levels were determined using the method of Griffith (Griffith, 1980) . 18 Briefly, EL-4 cells were cultured in the absence or presence of NQs for different times. 19 Then, cells were washed, resuspended in PBS and pelleted at 1000 x g for 10 min. The 20 cell pellets were resuspended in 200 μl of TCA (0.5%) and frozen at -20°C. Then, the 21 pellets were thawed and centrifuged to remove the cellular debris. The supernatants 22 were used to quantify the total glutathione and GSSG levels. The total glutathione level 23 was determined using an enzyme recycling procedure, in which the GSH is oxidized by antibodies, all of which were used at a dilution of 1:1000. After being washed three 23 times for 10 min with PBS-Tween, the membranes were subsequentially exposed to 24 anti-rabbit or anti-mouse (1:2500) antibodies coupled to horseradish peroxidase for 1 h. 25
After the membranes were washed three times for 10 min with PBS-Tween and once 26 with PBS, an enhanced chemiluminescent system (GE Healthcare Bio-Sciences) was 27 used for detection. The amount of protein loaded in each well was determined using a 28 rabbit anti-actin antibody (1:1000). Densitometry analysis of the bands was performed 29 and enhanced the fluorescence. In the groups of cells treated for 7 h, the level of orange 6 cell fluorescence was significantly enhanced, and the chromatin was condensed, 7
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NQs (5 μM) can induce apoptosis in the EL-4 cell line. 32 ROS generation and oxidative stress are involved in NQ-induced apoptosis. 33
NQs induce apoptosis through the activation of the intrinsic pathway. 34 35 36
